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ABSTRACT 

To design f a i l u r e  management exper t  systems, 
engineers men ta l l y  analyze t h e  e f f e c t s  o f  
f a i l u r e s  and procedures as they propagate 
through dev ice con f igu ra t i ons .  
gener ic  dev ice mode l l i ng  t o o l  f o r  use i n  
d i s c r e t e  event  s imu la t i on ,  t o  suppor t  such 
analyses. 
dev ice c o n f i g u r a t i o n s  and q u a l i t a t i v e  
s p e c i f i c a t i o n  o f  l o c a l  ope ra t i ng  modes o f  device 
components. Computation requirements a re  
reduced by focuss ing t h e  l e v e l  o f  component 
d e s c r i p t i o n  on opera t i ng  modes and f a i l u r e  
modes, and s p e c i f y i n g  q u a l i t a t i v e  ranges of 
v a r i a b l e s  r e l a t i v e  t o  mode t r a n s i t i o n  
boundaries. A t ime-step approach i s  avoided, 
and s i m u l a t i o n  process ing occurs o n l y  when modes 
change o r  v a r i a b l e s  cross q u a l i t a t i v e  
boundaries. Device models a r e  b u i l t  
g r a p h i c a l l y ,  us ing  components from l i b r a r i e s .  
Components a r e  connected a t  p o r t s  by g raph ica l  
r e l a t i o n s  t h a t  d e f i n e  data f low.  The core o f  a 

wh Tt h s p e c i f i e s  modes o f  ope ra t i on  and 
t r a n s i t i o n s  among them. Process statements 
desc r ibe  s t a t e  t r a n s i t i o n s  and w i t h i n - s t a t e  
processing, and have t h r e e  pa r t s :  
(p recond i t i ons  f o r  e f f e c t s  execut ion)  , e f f e c t s ,  
and delays f o r  each B f f e c t .  A process language 
supports w r i t i n g  s t a  ements w i t h  severa l  
q u a l i t a t i v e  and quan t i t a t i v e  syntaxes, i n c l u d i n g  
t a b l e  lookups. 
dev ice models i n  two domains, d i g i t a l  c i r c u i t s  
and thermal systems. 

CONFIG i s  a 

CONFIG permi ts  g raph ica l  modeling of 

ponent model i s  i t s  s t a t e - t r a n s i t i o n  diagram, 

i nvoca t ions  

CONFIG has been used t o  b u i l d  
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menta l l y  by engineers on t h e  bas i s  o f  
q u a l i t a t i v e  in format ion.  

The purpose o f  t he  CONFIG p r o j e c t  i s  t o  develop 
a gener ic  dev ice modeling t o o l  t o  suppor t  
cornonsense ana lys i s  o f  system behavior  by 
designers and operators. The t o o l  should pe rm i t  
engineers t o  g r a p h i c a l l y  model dev ice 
c o n f i g u r a t i o n  (components and connect ions)  and 
q u a l i t a t i v e l y  s p e c i f y  l o c a l  ope ra t i ng  modes o f  
components. The t o o l  should p rov ide  f o r  
i n t e g r a t i o n  o f  models f rom m u l t i p l e  domains, 
e.g., e lect rochemical / thermal  process ing and 
d i g i t a l  c i r c u i t s .  

The CONFIG p r o j e c t  approach has been t o  develop 
both a CONFIG p ro to type  and a p r o t o t y p i n g  
environment. 
has been developed t o  suppor t  r a p i d  i n fo rma l  
ana lys i s  e a r l y  i n  system design, as w e l l  as 
l a t e r  p r e c i s e  analys is .  The t o o l  permi ts  
modeling o f  component modes and processes both 
q u a l i t a t i v e l y  and q u a n t i t a t i v e l y .  The t o o l  
permi ts  g raph ica l  modeling o f  component 
con f igu ra t i ons ,  The t o o l  i s  b u i l t  on a d i s c r e t e  
event s imulator ,  and propagates d i s c r e t e  change 
events through dev ice con f igu ra t i ons .  The 
CONFIG p r o j e c t  p r o t o t y p i n g  environment prov ides 
f l e x i b l e  ob jec t -o r i en ted  modeling c a p a b i l i t i e s  
and a language c o n s t r u c t o r  t h a t  suppor ts  
experimenting w i t h  va r ious  q u a l i t a t i v e  and 
q u a n t i t a t i v e  rep resen ta t i ons  o f  dev ice 
in format ion.  

The approach t o  t h e  CONFIG t o o l  

INTRODUCTION COMPONENT LIBRARIES AND GRAPHICAL MODELING 

Designing , t e s t i n g ,  and opera t i ng  engineered 
devices requ i res  a n a l y s i s  o f  t h e  e f f e c t s  o f  
f a i l u r e s  and procedures as they propagate 
through dev ice con f igu ra t i ons .  
r e q u i r e d  i n  development o f  f a i l u r e  management 
exper t  systems, i n  f a i l u r e  modes and e f f e c t s  
ana lys i s  (FMEA), and i n  procedures development. 
I n fo rma t ion  about dev ice c o n f i g u r a t i o n  and 
opera t i ng  modes i s  used t o  p r e d i c t  e f f e c t s  o f  
l o c a l  changes i n  components on the  dev ice as a 
whole, and t o  p lan  how t o  diagnose f a i l u r e s  and 
recover  from them 111. 
t e s t i n g ,  many o f  these analyses a r e  performed 

Such ana lys i s  i s  

E a r l y  i n  design and 

The CONFIG t o o l  should be designed f o r  ease o f  
use by engineers and operators. As i n  the  work 
o f  Towne e t  a1 [2], t he  t o o l  supports t h e  
development o f  g raph ica l  1 i b r a r i e s  o f  component 
models, and permi ts  an author  t o  b u i l d  dev ice 
models g r a p h i c a l l y .  A model i s  b u i l t  by us ing  
component ob jec ts  from a l i b r a r y ,  and connecting 
them a t  p o r t s  w i t h  g raph ica l  r e l a t i o n s  t h a t  
d e f i n e  data f l o w  between components. 
a l s o  d e f i n e  classes o f  processes and t h e  process 
language f o r  t he  author. Th is  aspect of t h e  
CONFIG t o o l  uses the  S i m k i t  d i s c r e t e  event  
s imu la t i on  t o o l .  An example o f  a thermal model 

L i b r a r i e s  
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and some component models and r e l a t i o n s  from i t s  
assoc iated l i b r a r y  a re  shown i n  F igu re  1. 

COMPONENT DEFINITION 

Computation and s p e c i f i c a t i o n  requirements a re  
reduced by focuss ing t h e  l e v e l  o f  component 
d e s c r i p t i o n  on opera t i ng  modes and f a i l u r e  
modes, and s p e c i f y i n g  q u a l i t a t i v e  ranges of 
component va r iab les  r e l a t i v e  t o  mode t r a n s i t i o n  
boundaries. 

A component model can be viewed both as a 
composite o f  modes and as a composite o f  po r t s .  
The core o f  a component model i s  i t s  
s t a t e - t r a n s i t i o n  diagram, which g r a p h i c a l l y  
s p e c i f i e s  modes o f  ope ra t i on  (bo th  normal and 
f a i l e d )  and the  t r a n s i t i o n s  among them. S ta te  
t r a n s i t i o n s  and w i t h i n - s t a t e  v a r i a b l e  
t ransformat ions are s p e c i f i e d  as processes. The 
o t h e r  decomposition o f  a component model i s  i n t o  
i t s  po r t s .  Po r t s  designate component i npu ts  and 
outputs .  
propagation between components. Examples o f  
both types o f  decomposition a re  shown i n  F igure 
2. 
a decomposition o f  t he  boxed area i n  F igure 1. 

DISCRETE EVENT SIMULATION APPROACH 

Using an approach s i m i l a r  t o  Pan [SI, d i s c r e t e  
events a r e  de f i ned  a t  t he  l e v e l  o f  changes i n  
ope ra t i ng  modes. A t ime-step approach i s  
avoided, and s i m u l a t i o n  processing need occur 
o n l y  when modes change o r  v a r i a b l e s  cross 
q u a l i t a t i v e  boundaries. 
Rather than c o n s t r a i n t  propagation, d i s c r e t e  
event processes determine t h e  consequences o f  
component changes. 
t he  propagat ion o f  behavior changes among 
components. 
po r t s ,  change v a r i a b l e  values, and make s t a t e  
t r a n s i t i o n s .  
a component, which i s  t r i g g e r e d  by a change i n  
an i n p u t  va r iab le ,  l o c a l  va r iab le ,  o r  component 
s ta te .  I n  such an event, app rop r ia te  processes 
a r e  inspected, and the  e f f e c t s  o f  invoked 
processes a re  scheduled w i t h  corresponding 
delays. Updates o r i g i n a t i n g  f rom many 
components can be scheduled a t  t he  same t ime on 
t h e  d i s c r e t e  event c lock .  

PROCESSES AND PROCESS LANGUAGE CONSTRUCTOR 

There a r e  th ree  k inds o f  processes, mode 
independent processes, mode dependent processes, 
and mode t r a n s i t i o n  processes (which are 
a c t u a l l y  a1 so mode dependent processes). 
Processes c o n s i s t  o f  t h ree  p a r t s :  invocat ions 
(p recond i t i ons  f o r  e f f e c t s  execut ion)  , e f f e c t s  
(executed i f  a l l  i nvoca t ions  a re  s a t i s f i e d ) ,  and 
delays corresponding t o  each e f f e c t  (e f fec t  
completions scheduled a t  increments t o  t h e  
c u r r e n t  t ime) .  Invocat ions and e f f e c t s  a re  
de f i ned  i n  terms o f  va r iab les ,  modes, and 
processes. 

A key capab i l  y i s  a process language 

Relat ions connect p o r t s  f o r  data 

The boxed area on t h e  r i g h t  o f  t he  f i g u r e  i s  

The event s t r u c t u r e  c o n t r o l s  

Scheduled events pass data between 

The pr imary event i s  t he  update o f  

cons t ruc to r  an '6. i n t e r p r e t e r  t h a t  pe rm i t s  process 

statements t o  be w r i t t e n  w i t h  an a r r a y  o f  
q u a l i t a t i v e  and q u a n t i t a t i v e  syntaxes, i n c l u d i n g  
t a b l e  lookups. A process language i n t e r p r e t s  
statements t h a t  d e f i n e  i nvoca t ions  and e f f e c t s  
o f  processes. The language c o n s t r u c t o r  supports 
experimenting w i t h  representat ions , by 
p e r m i t t i n g  t h e  d e f i n i t i o n  o f  da ta -s t ruc tu re  
types and operators. 

Component v a r i a b l e s  can be s p e c i f i e d  
q u a n t i t a t i v e l y  o r  q u a l i t a t i v e l y ,  b u t  a small  
number of q u a l i t a t i v e  ranges i s  d e s i r a b l e  (e.g., 
abnormal-low, low, medium, high, abnormal-high). 
Continuous behavior  i s  p a r t i t i o n e d  i n t o  t rends  
and breakpoints .  The du ra t i ons  o f  t rends  can be 
represented " q u a l i t a t i v e l y "  as an approximate 
o rde r  o f  magnitude, which i s  t r a n s l a t e d  i n t o  an 
i n t e r v a l  on the  d i s c r e t e  event  c lock.  Trend 
e f fec ts  a re  represented by schedul ing a process 
f o r  t he  end o f  a trend, a t  which t ime  the  
d u r a t i o n  of t he  t rend  i s  confirmed be fo re  
execut ing t h e  e f f e c t .  
Examples o f  processes, data s t r u c t u r e s  and 
operators  f rom the  thermal l i b r a r y  a r e  shown i n  
Figures 3 and 4. 

CONCLUSION 

CONFIG has been used t o  b u i l d  dev ice models i n  
two domains, d i g i t a l  c i r c u i t s  and thermal 
systems. 
plans f o r  a d d i t i o n a l  c a p a b i l i t i e s  beyond the  
c u r r e n t  modeling c a p a b i l i t i e s .  These a d d i t i o n a l  
c a p a b i l i t i e s  w i l l  i nc lude  suppor t  f o r  a n a l y s i s  
o f  f a i l u r e  e f f e c t s ,  and support f o r  development 
o f  d i f f e r e n t i a l  d iagnos t i c  measures and t e s t s .  
An a d d i t i o n a l  goal i s  t o  suppor t  incremental 
development o f  q u a n t i t a t i v e  process s imu la t i on  
a lgor i thms.  
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